Poor adherence is a major challenge to antiretroviral therapy. It is now recommended that patients have 95% adherence in order to maintain sufficient suppression of viral replication and prevent the emergence of resistance. It is therefore of paramount importance device methods to improve patient adherence. The use of mobile phone calls and text messages are being explored in improving adherence. In this study, the effect of counselling plus reminder text messages were determined. A total of 132 patients was allocated into an intervention and control groups. Both groups were given additional adherence counselling at the beginning of the study and at every clinic visit. The intervention group was also sent reminder text messages for a period of 24 weeks. The CD4 count of all patients was recorded at the start of the study, then the final reading after the follow-up period. The difference in the increase in the CD4 counts between the two groups was compared to find out the difference. Additionally, patients' self-report of adherence was compared between the two groups. Patients with 95% and above adherence were classified as adherent, while those with less than 95% nonadherent. It was found that the patients who received reminder text messages in addition to counselling had significantly higher mean percentage increase in CD4 count (36.7%) compared to the control group (19.12%), which received counselling only (p=0.007) However, using self-report form, there was no statistical significant difference in the level of adherence between intervention group and control group. It was therefore concluded that regular counselling and reminder text messages have improved adherence to antiretroviral therapy.
INTRODUCTION
Human immunodeficiency virus (HIV) is a single stranded RNA retrovirus that causes acquired immune deficiency syndrome (AIDS), a condition in which individuals are at increased risk of developing a group of clinical features including certain infections (opportunistic infections) and malignancies (Charles and Robert, 1997) . Globally, 34.0 million people were living with HIV at the end of 2011. Sub-Saharan Africa remains most severely affected, with nearly 1 in every 20 adults (4.9%) living with HIV and accounting for 69% of the people living with HIV worldwide. Worldwide, the number of people newly infected continues to fall (UNAIDS, 2012) . Similarly, based on projected HIV estimates of 2013, about 3,229,757 people now live with HIV in Nigeria while it is estimated that 220,394 new HIV infections occurred in 2013 (NACA, 2014) . Worldwide, non-adherence to antiretroviral therapy in adult HIV infected population ranges from 33-88 percent (Mills et al., 2006) . Adherence is a very important issue in HIV management. Current findings suggest that patients must take a high proportion (95% or more) of antiretroviral drug doses to maintain suppression of viral replication to non-detectable levels, that failure rates increase as adherence decrease, and that lack of strict adherence leads to clinical progression to AIDS (Pradier et al, 2003) .
The aim of the study is to assess the effect of text message follow-up and counselling on adherence to antiretroviral therapy. The hypothesized that text message follow-up and additional counselling will improve patients' adherence and will result in a good increase in CD4 counts. Many studies showed that mobile-based interventions to improve adherence to antiretroviral therapy (ART) are being explored and are useful in improving adherence. Study in the United States found that intervention strategy involving one-on-one pharmacist session providing adherence advice with follow-up telephone calls increased adherence level by pill count and self report (Simoni et al., 2003) . Short weekly text messaging was also associated with ART adherence and viral load suppression (Horvath et al., 2012) . Study in Kenya revealed that patients who received short message service had significantly improved ART adherence rates and viral load suppression (Lester et al., 2010) . A study in a tertiary institution showed that monthly adherence counselling and twice weekly text messages reminder improved ART adherence (Maduka and Tobin-West, 2013) . This study utilize short reminder text message to improve patients' adherence to ART. Therefore it is necessary to study the impact of text message follow-up on adherence to ART in this health facility as it is resource limited facility and serves a large community. Also no study of such type was conducted in this facility.
MATERIALS AND METHODS

Materials
Phones, pens, adherence assessment charts, plain sheets of paper.
Methods
A follow-up study using quantitative and semi-qualitative methods comparing ART adherence of HIV infected patients on HAART (highly active antiretroviral therapy) for more than six months, who receive twice weekly short reminder messages and those who do not receive messages.
Study place
The study was carried out at the ART clinic of Hajiya Gambo Sawaba General Hospital, Zaria, Kaduna State, Nigeria. The clinic serves many communities and Local Governments within Kaduna State including neighbouring states like Katsina and Kano. The clinic also has ART specialists comprising physicians, pharmacists and nurses. There are also adherence counsellors. Patients' medical and pharmacy records are available and there exist laboratories for monitoring patients CD4 counts and other patient specific parameters.
Inclusion and exclusion criteria
Only adults (both sexes) of 16 years and above were included in the study. Also only patients that have been on HAART (treatment-experienced patients) for six months and above, have undergone adherence counselling and able to read were included. Patients excluded from the study are pregnant women and children, patients that are just commencing HAART (treatment-naive patients), hospitalized patients and those that cannot read.
Study design
153 patients were recruited for the study. This sample size was determined by the formula; n = [z/∆] 2 p(1-p) (Ahmad et al., 2012) .
The patients were divided into two groups (A and B). Group A having 84 subjects was the intervention while group B (standard care i.e. received only counseling but no text messages) having 69 subjects the control group. The base-line characteristic of all participants was obtained from the patients' folders. Both groups received counselling on every clinic visit. Group B was followed-up for 24 weeks by sending text messages twice a week which was expected to improve patients' treatment outcome by both reminding them to take their drugs and provide support to the patients. The text messages were sent on Mondays and Thursdays. The content of the message was "Atuna, Ayi niyya" (meaning remember), "Remember to take it (Pharmacy department)".
The patients' CD4 counts were taken at baseline and also at the end of the 24 weeks' follow-up. The increase in the CD4 counts between the two groups was then compared to determine whether there was significant difference. In addition, both groups were given charts onto which the patient ticks whenever the medication is taken. If the patient takes the drug on time, he/she ticks in the space provided. But if more than an hour late or misses the dose, the space is left blank. On the clinic appointment day, which is usually on monthly or two monthly bases, patient report and charts were examined to compare the extent of adherence between the two groups. Adherence was dichotomized to define adherent at 95% and above and non-adherent at less than 95%.
Ethical consideration
Permission to carry out the research was sought through the hospital ethics committee at the Kaduna State Ministry of Health. After the approval was obtained, verbal and written consent of the sample patients in the presence of a witness was sought after the purpose of the research was clearly explained to them.
Adherence assessment
After 24 weeks of follow-up, the difference in the increase in CD4 count between the two groups was determined. The percentage increase in CD4 count for each patient was calculated by the formula;
Charts and self report forms were used to determine ART adherence of the subjects. The charts were examined to see the number of doses that were missed or taken late. The verbal self report was carried out to reinforce the result of the chart. The patients were asked the number of doses they missed or taken more than an hour late from the time it was to be taken.
Percentage adherence for each patient was calculated by dividing the total number of doses taken by the total doses expected and multiplying by 100.
Total doses taken X 100 Total doses expected to be taken
Statistical analysis
Data generated were entered into SPSS (statistical package for social sciences) version 20 to obtain the descriptive statistics. Student-t test and Chi-squared test were used make comparisons between the two groups. P value of <0.05 was considered significant in all statistical analysis.
RESULTS
Socio-demographic Characteristics
The socio-demographic characteristics of the patients are presented on table 1. Out of the 153 patients recruited for the study, 21 patients in the intervention group did not receive text messages and thus excluded. Therefore, the socio-demographic characteristics represent that of 132 patients. The intervention and control groups had 63 and 69 patients respectively. 
ART Regimen of the Patients
All patients had more than 6 months of antiretroviral treatment. Majority of who were on first-line regimen. The proportion of patients that use different drug combination is presented on table 2. The patients' first-line drugs were zidovudine, lamivudine, nevirapine and tenofovir combinations. The second-line drugs were Lopinavir/ritonavir based combinations as shown on the table. Patients' Adherence based on CD4 Count 42(66.7%) of the patients in the intervention group had increase in their CD4 count while in the control group 39(56.5%) had increase. The increase is presented as percentage increase. Patients with decrease in CD4 count are regarded as no increase and were regarded as having 0% increase. The mean percentage increase in CD4 count in the intervention group was 36.7% and 19.12% in the control group (Table 4) . Analysis using Student-t test shows that there was statistically significant difference between the two groups with respect to the rise in CD4 count. p= 0.007. Patients' Adherence based on Self Report 47(74.6%) patients in the intervention group had 95% or above adherence while 16(25.3%) had less than 95% adherence. In the control group, 51(73.9%) reported 95% or above increase while 18(26.1%) had less than 95%. Chi-square test showed no statistical significant difference in the level of adherence between the two groups. X 2 =0.012.
DISCUSSION
Poor adherence is a major challenge to antiretroviral therapy. It is now recommended that patients have 95% adherence in order to maintain sufficient suppression of viral replication and prevent the emergence of resistance. It is therefore of paramount importance device methods to improve patients adherence. The use of mobile phone calls and text messages are being explored in improving adherence. A large proportion of the patients were on zidovudine, Lamivudine and Nevirapine fixed dose combination which is taken twice daily and Tenofovir, Lamivudine and Efavirenz fixed dose combination taken once daily. This simple dosing might have contributed to adherence. Patients on secondline Lopinavir/ritonavir, Tenofovir, Lamivudine combination are few, representing 7.9% in intervention group and 7.2% in the control group. The study found that mobile text messages improved patients' adherence to ART by reminding them to take their medications on time and avoid skipping of doses. The patients that received bi-weekly reminder text messages had better increase in their CD4 count after the 24 weeks follow-up period. This finding is consistent with the results of some studies which have successfully utilized mobile based intervention to facilitate adherence to ART. A study found that follow-up telephone calls increased adherence by pill count and self report (Simoni et al., 2003) . Another study also got similar findings (Da costa et al., 2012) . A randomised trial in the United States utilizing telephone calls for patients on ART reported a significant benefit for adherence but not virologic control (Collier et al., 2005) . However, a study in China utilizing mobile phone intervention showed no statistical significant difference in CD4 count increase between the intervention and control (Dongshen et al., 2012) . This is inconsistent with the finding of this study. It has been reported that the most popular application of mHealth (e.g. mobile phone technologies) is for improving adherence especially in low and middle income countries. It has also been successfully used to schedule hospital appointments (Perron et al., 2011) . It could also be seen that the mobile phone intervention could increase the quality of care since the patients in the intervention group had the opportunity to call the health worker when they have specific therapy problem. The study also showed that patient counselling had contributed to the adherence as both intervention and control groups have good increase in CD4 count after the 24 weeks period of follow-up. This is consistent with a finding that non-adherence was associated with lack of counselling on the importance of adhering to ART (Lal et al., 2010) . Also not attending any counselling in the last 6 months has been shown to influence adherence (Sharma et al., 2007) . Therefore counselling patients regularly aside the pre-ART counselling would help in improving adherence. However, there are reasons that could cause low levels of CD4 counts as shown in other patients. This could be due to malaria and infected wounds (Chirenda, 1999) , Pregnancy (Burns et al., 1996) , stress (Verde et al., 1992) , malnutrition (Hegde et al., 1999) . Patients' self report of adherence showed no significant difference between the intervention and control groups. This could be as a result of exaggeration of adherence by the patients might not have actually attained the 95% cut off. Other studies reported possible over estimate of adherence using self report (Mc Nabb et al., 2003) . Although self report still remains an efficient and simple tool for monitoring patients' adherence. A study has shown that self reported adherence is significantly associated with viral suppression (Arnsten et al., 2001) .
CONCLUSION
It could be concluded from this study that counselling and text message follow-up has improved patients' adherence to ART similar to results found in other parts of Nigeria, other African countries, India and the United States. The present study established that reminder text messages have improved patients' adherence to ART. This mainly targets issues related to forgetfulness and also gives opportunity for patients to interact more with the health workers and also regular patient counselling has improved patients' adherence to ART thereby improve quality of life.
A system that incorporates reminder text messages to all patients with the aim of improving adherence to ART especially in resource-limited settings is recommended.
